The sequence of the gene encoding the major neutralization antigen (VP7) of the type member (bovine virus strain B223) of the proposed serotype 10 of rotavirus has been determined. This was done using a rapid new strategy involving direct sequencing by primer extension of cDNA generated from the relevant virus gene (gene 8) using a combined reverse transcription/polymerase chain reaction. The sequence obtained is 1062 bp in length and contains a single long open reading frame capable of encoding a protein of 326 amino acids. Comparison of the sequence to that of the corresponding gene of the other major virus serotype found in cattle, serotype 6, showed that it was approximately 25% divergent at the nucleotide level and 18 % divergent at the amino acid level.
Rotaviruses are the predominant agents involved in acute viral gastroenteritis in human infants and the young of all the main species of domestic livestock (Flewett & Woode, 1978; Holmes, 1983) . As a consequence they are important medical and veterinary pathogens for which effective control measures are urgently required. Studies using a variety of genetic and biochemical techniques have shown that the production of a neutralizing antibody response in infected or immunized animals is stimulated by epitopes on the outer capsid proteins VP4 and VP7, which are encoded by gene 4 and gene 8/9, respectively ( Kalica et al., 1981 ; McCrae & McCorquodale, 1982a; Offit & Blavat, 1986) . Sero-epidemiological studies have focused on analysing variation in the dominant glycoprotein neutralization antigen VP7 and have resulted in the definition of nine generally accepted virus serotypes (Hoshino et al., 1984; Green et al., 1989) . In addition it has recently been proposed that a virus strain (B223) first isolated from cattle be adopted as a tenth virus serotype (Snodgrass et al., 1990) . A recent survey of bovine rotavirus isolates from the United Kingdom has shown that viruses belonging to the serotypic group defined by the B223 isolate form a second major serotype in cattle, accounting for approximately 7 ~ of all typed isolates compared to the 66 ~ failing into the well established serotype 6 group (Snodgrass et al., 1990) .
The development of effective vaccines to combat rotavirus infections will obviously be greatly aided by a clearer understanding of the molecular variation underlying the different virus serotypes. Towards this end, with the exception of serotype 7 which is confined to avian species, the nucleotide sequence of the gene encoding VP7 from at least one member of each virus serotype has already been reported (Estes & Cohen, 1989) . In this communication we report a similar analysis carried out on gene 8 of the B223 strain of bovine rotavirus, the type member of the proposed serotype 10 group of rotaviruses.
The B223 strain of bovine rotavirus was obtained from Dr D. R. Snodgrass and grown in the BSC-1 cell line as previously described (McCrae & McCorquodale, 1981) . To avoid the requirement for large-scale growth and purification of virus associated with cDNA cloning of the relevant virus gene using traditional cloning strategies (McCrae & McCorquodale, 1982b) , we made use of a recently developed procedure (Xu et al., 1990) which exploits the polymerase chain reaction (PCR) technique (Saiki et al., 1988) . BSC-1 cells (10 6 cells) were infected at a multiplicity of < 0.1 p.f.u./cell and, when the first signs of viral cytopathic effect were evident, cells were harvested and infected cell RNA was prepared by phenol extraction (McCrae & McCorquodale, 1981 ). The extracted RNA was then used in a coupled reverse transcription/PCR reaction using primers complementary to the termini of rotavirus gene 8 as previously described (Xu et al., 1990) . The amplified cDNA produced in this reaction was fractionated on a low melting temperature agarose gel, the approximately 1 kb full-length product was excised and the DNA extracted. This 'seed' cDNA was then used for two purposes: first as a substrate in further PCR amplifications with the
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Fig. h Sequence of gene 8 of the B223 strain (serotype 10) of bovine rotavirus. Direct sequencing of the amplified PCR product was carried out as described by Winship (1988) . The terminal PeR primers used to generate the full-length cDNA product contained additional sequence beyond that complementary to the terminal sequences of the gene to allow for simple cloning of the cDNA (Xu et al., 1990) . The sequence of these primers, which were also used for sequencing the near terminal regions, was: 5' primer, CCCGGGATCCATGGCCGGCTT-TAAAAGCGAGAATTT; 3' primer, CGATCGCGAATTCTG-CAGGTCACATCATACAACTCTA. The sequence of the internal primers used and their positions on the plus strand were (i) plus strand primers: RS1, CCAATTACAGGTTCAATGGA (220 to 239); RS2, ACAAAAGGATGGCCAACAGG (370 to 389); RS3, AAAGTGTGTCCATTAAATAC (627 to 646); RS4, TGATCCAA-CAACTGCACCAC (867 to 886); and (ii) minus strand primers: RS5, CTTGGTCCTAATTTTTTACA (812 to 793); RS6, CCCATTGA-TATCCATTTATT (611 to 592); RS7, ATTATAATCACAGTA-TAACT (462 to 443); RS8, TCCATTGAACCTGTAATTGG (239 to 220). The primer sequences used are those from the gene 8 sequence of the UKtc strain of bovine rotavirus. However, all primer positions were sequenced through to identify any mismatches between the primers used and the sequence being determined• Using the above primers the sequence of all nucleotide positions was determined on both strands. same pair of PCR primers to generate additional fulllength product, and secondly as the template in primerextension sequencing reactions (Sanger et aL, 1980 , Winship, 1989 . Using a series of appropriately located sequencing primers the complete sequence of the amplified DNA was determined (Fig. 1) .
In common with the gene encoding VP7 in most other rotaviruses, gene 8 of B223 was found to be 1062 bp in length with a single long open reading frame (ORF) extending between nucleotides 49 and 1026 that would produce a protein product of 326 amino acids. The first AUG of the ORF lies in a weak consensus sequence for translation and is followed by the first of two hydrophobic domains. Work in other rotavirus strains has shown that a second AUG lying 30 amino acids downstream of the first, in front of the second hydrophobic domain and in a strong consensus for translation, is used in infected cells (Chan et al., 1986) . In the B223 sequence a pair of in-frame AUGs are found at amino acid positions 29 and 30. Potential N-linked glycosylation sites are located at amino acids 69 and 146, the former also being found in all other VP7 sequences reported to date with the exception of the two bovine strains NCDV and RF. Analysis of the location of proline and cysteine residues, whose position in the protein has been found to be highly conserved (Estes & Cohen, 1989) , revealed that, with the exception of the cysteine at position 165, all were present.
The major rotavirus serotype found in cattle is serotype 6 and the gene 8 sequence from three serotype 6 bovine rotavirus strains (UKtc, NCDV and RF) has already been reported (Elleman et al., 1983; Glass et al., 1985; Charpilienne et al., 1986) . Using the CLUSTAL multiple sequence alignment program (Higgins & Sharp, 1988 ) the four sequences were aligned at both the nucleotide and amino acid level. Nucleotide sequence alignment (results not shown) revealed that the three serotype 6 viruses showed less than 5~ sequence divergence whereas the B223 sequence was some 25~ different to the serotype 6 consensus. The terminal 20 nucleotides at each end of the sequence obtained were derived from the PCR primers rather than the viral RNA. It is therefore possible that there may have been additional nucleotide differences between the two sequences but the known terminal conservations in rotavirus genes (McCrae & McCorquodale, 1983; Clarke & McCrae, 1983) means that, if present, these would not be large. The results of the amino acid alignment (Fig.  2a) gave a similar picture at the protein level, the three serotype 6 viruses showing only 16 amino acid differences, of which only two, those at positions 187 and 219, were non-conservative. By contrast, the VP7 sequence of B223 had 58 (i.e. 17.8~) amino acid differences from that of the UKtc strain, of which four were nonconservative changes (Fig. 2a) . Analysis of the localization of the sequence differences showed that there was some clustering of changes in the three regions shown to be involved in virus neutralization using monoclonal antibody escape mutants (Dyall-Smith et al., 1986;  Comparison of the amino acid sequences of VP7 from serotype 10 (B223) and three serotype 6 bovine viruses. Sequence alignment was performed using the CLUSTAL suite of programs (Higgins & Sharp, 1988) . The three serotype 6 bovine rotaviruses (UKtc, NCDV and RF) were compared to each other, positions of identity between the three being indicated under the sequences by an asterisk, conservative replacements by a dot and non-conservative replacements by a space. The B223 strain sequence was compared with that of the UKtc strain and the matching between the two sequences is indicated on the line between them using the same code as for the serotype 6 alignment. (b) Schematic representation of VP7 to show the position of some of the main features of the protein. The hatched blocks indicate the six regions of the protein in which greatest sequence variation has been found when comparing sequences across all the virus serotypes sequenced to date (Estes & Cohen, 1989) . Also shown below the diagram are the number of sequence differences between the B223 strain sequence and the UKtc strain sequence in these regions. The positions of the regions (A, B and C) involved in putative neutralization epitopes are indicated above the diagram. The positions of the two potential N-linked glycosylation sites in the B223 strain sequence are shown with a Y. Mackow et al., 1988; Taniguchi et al., 1988) (Fig. 2b) . Overall, the level and location of the sequence divergence seen between the two bovine rotavirus serotypes is similar to that observed for other animal species in which multiple virus serotypes have been isolated. This serves to confirm further the conclusion reached from a variety of studies on VP7, namely that the neutralization epitopes of this protein are almost certainly conformational, involving the interaction of disparate regions of the protein sequence. Consequently it is unlikely that the peptide-based approach to producing a vaccine will meet with success in the case of rotaviruses. The strategy used in this study to determine the sequence of rotavirus strain B223 gene 8 is far more rapid and less labour intensive than those previously used for this type of work. In addition it can be applied to very crude mixtures of nucleic acid extracted directly from small amounts of infected faeces. It should therefore facilitate the more rapid accumulation of data on the molecular basis of epidemiological variation in this important virus group which will be required to underpin efforts aimed at the development of effective vaccines to prevent the medical and veterinary problems that rotaviruses cause.
Addendum. After this manuscript was submitted a report appeared (Taniguchi et al., 1990) giving the sequence of the VPT-encoding gene from a non-serotype 6 bovine rotavirus strain (61A) isolated in Thailand.
Comparison of this sequence with that of B223 shows them to be greater than 98 ~o identical, strongly suggesting that strain 61A is a serotype 10 virus. If this is confirmed by serological analysis it will provide further evidence of the widespread geographical distribution of serotype 10 rotaviruses.
